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Abstract

This project studies an efficient method of

strengtheningreinforcedconcretecolumnwith Carbon

Fiber Reinforces Plastic (CFRP). Nowadays, structural

strengthening is highly required in the market;

especially the strengthening with CFRP because of

its convenience and effectiveness. However, there is

a pricing problem of the CFRP and its adhesive, which

are expensive materials. Therefore, researchers and

Nontri Co., Ltd. desire to study the method of CFRP

wrapping on reinforced concrete column just adequate

to the need with limited material use. Many forms of

CFRP wrapping on RC column were studied such as

fully wrap, partial wrap in vertical and horizontal

direction, partial wrap only horizontal direction and

no wrap at all. The study shows that the partially

wrapping in horizontal direction on RC column increase

the column strength about 14%and increase column

ductility due to the concrete confinement effect. The

horizontally patial wrap can be another option for users

if the strengthening requirement is mainly concentrate

on the structural ductility not on the structural strength.

Keywords: Carbon Fiber, Strengthening, Reinforced

Concrete Column, Structural Repair, Partial Wrap



1. fI'J13Jbfl\b3J1~~6t:fI'J13Jih~aJ~eHliJaJ"'1'" '"
U'l!Vl11.1d~mdVId-J'lJe:J-J1q;)d-J~~1-Jq;)e:J'Un1<.9lbm~ bVl~n

~VI~m~!:J-J1~1~ ~e:J mdb~e:J~~1l1~'lJe:J-Jq;)e:J'Un1<.9lbb~~

bVl~mm~~mdm~l'U 11.1'Ue:Jnl>;nn~'Um'<i1Sjmdb1.1~!:J'Ubb1.1~-J

1" ({ '" = v= )f. v I "
md ~-J1'U'lJe:J-Jmq;)mmdVIde:Jmdm\91e:J'1.J<.9lbVl<.9l'lJ'Un'1.Jbq;)d-J~d1-J. .
~-JU'l!Vl1bVl6'i1d$fe:J-Jmdmdbbflt'lJe:J~1-JbVl~1~~~b~e:J'lVfm~l'TIl

'l-if1m-J~~l-J\9le:J11.1l~ 1\91!:J$fe:J-JSjm1~b-li1h 'l'U~~~md~

'1Je:J-Jlm-J~-n-Jbtj'Ue:J~1-J~~-J'<i1~~'<i11drn11~':h$fe:J-Jb~e:Jn'lmTI'l\91

'l 'Umdbm~r11i\'-J'lJe:J-Jlq;)d-J~~1-J~-J'<i1~bVI~l~~~ bb~~1.1d~VIi:i\91
,""

'Y1~\91.

'l 'UU'<i1'<i1U'Ud1TI~1~~'1.Jm1~U!:J~ 'l'Umdb~~~r11i\'-J.
lm-J~~1-Jq;)e:J'Un1<.9lbm~bVl~n1TIVld-Jn~e:Jmdbm~r11i\'-J'<i11n

m!:J'Ue:Jn l\91!:JmTIie:JVf~~'Ulq;)d-J~-n-J~'U'l ~d!:J1~\91mrum-b-. .
1vJb'1.Je:J~bb\9luruVl1~bn\91~'U'<i11nmd'lmTId~e:J q;)1'l-i1~1!:J~-J

~ ~

biirn'<i11ndJu1~\91'~"bb-1rl'<i11n\9l~b'Y1~m~'U~Sjffi1~~\91~~., ,
~ '" ="" "" . '" " ~ 6j" ({ '1..1 ({
\'lm~lmd1m1d'Y1'<i1~l~l'1f-Jm~\91lId~lrnmd b'1fq;)1d'1.Je:J'Ub'y~b'1.Jm

~d !:J1TImTIie:JVf~ bv:1!:J-J'1.J1-J6'fd'U'lJe:J-Jlm-J~-n-Jbyh~~l btj'U.

md~m?f11~!:J~b~ m-lie:J-Jn'1.Jmdb~~r11i\'-J€J\91'lJe:J-Jb~l

q;)e:J'Un1<.9l1\91!:Jmd le:J'1.J~\91bm~d!:J1~\911.1d~bJl'Y1mrue:J'U lvJb'1.Je:J-!.
1~a:J~l~-Jbb\9l'lfd-J$f'U'Y1md'lli1980 (Fardis and Khalili,

1981) bb\9l6'fd'U~ln'<i1~btj'Umd~m?f1v.mm~'Y1'1.J'lJe:J-Jq;)lWe:J'U-

1vJb'1.Je:J~~Sj\9le:J~W1he:J~l-J'Y1d-Jm~'1.Je:Jn'1J'U1\91b~n ~-JVJ~~e:J

md le:J'1.J~\91'lJe:J-Jq;)l-!'1.Je:J'U1vJb'1.Je:J~b~~q;)l'lVfn'1.Jr11i\'-J€J\91'lJe:J-J

q;)e:J'Un1<.9l~lnn11 100 b1.1e:J-!b;W~i'~-Je:J~n'1.J~l'Ud'U~'U'lJe:J-Jmd
~

-ife:J'UYl'1.J'lJmq;)1{.ue:J'U1vJb'1.Jm(1md-J'1f1~. 2544) 'l'U~!:J~i\'-J~1

~-J1~Sjmd~mn b~~b~~11.16'f~he:J~1-Jq;)e:J'Un1<.9l~Sji\'n1trn~
~

'ln~ b~!:J-Jn'1.Jb~1~'l-i1-J1'U'<i1~-J~ln~'U~e:J btj'U Vii( 1G1\91~bVI~!:J~

'1J'U1\91'ln~b~!:J-Jn'1.J~'l-i1-J1'U(Kataoko and aI., 1997)~-JVJ~

~1~e:Je:Jn~lbb<.9ln\9l1-J11.1'<i11nmrn'lJe:J-JG1de:J~1-J'Y1d-.:Jm~'1.Je:Jn~ln
'" 1 v =)f. , =

~e:J~~ffid q;)e:Jv.J~md e:J'1.Jd\91'<i1~m\91'lJ~lne:J!:J'1.Jdbd~~'lJe:J-Jbm~ .

byh~'U (Demers et al.. 1996) bb\9l~-Jdm~lrn'lJmq;)lwe:J'U-

1vJb'1.Je:J~n iJ-J btj'UU'<i1~ !:JVli\'ne:J ~1-JVld-J\9le:Jr11i\'-J €J\91~b~~~'U

'1Je:J-Jb~1q;)e:J'Un1<.9le:J~1-.:Jhn<.9l1~-J1'U1~!:J~~1~16'fd~ln~e:J

md~n1t1mdb~~r11i\'-Jl\91!:Jbm~q;)lwe:J'U1vJb'1.Je:J~<.9l~e:J\91'lfd-.:Jbm

'" "6j ". ~ ({ '1..1 ({.'1f-J'<i1~<.9le:J-Jb'1fud~lrn'lJe:J-Jq;)ld'1.Je:J'Ub~b'1.Je:Jd'<i11'Ud'U~lmb~~m'<i1

~lmn'Um1~~lbtj'U Vl1e:Jffi1~$fe:J-Jmd'lJe:J-Jlm-J~-n-J~'U

'" ft I f{2. 'J<PIt;hJ"i:if<3f1
q

2.1) b~e:J~m?f1~~~md~'lJe:J-Jlm-J~~1-Jbm RC

'I

~mm~r11i\'-J~d !:Jq;)1{.ue:J'U 1vJ b'1.Je:J~bv:1!:J-J'1.J1-J6'fd'U

2.2) b~e:J~\91q;)l'l-i1~1!:J'l'Umdbm~r11i\'-J 'lVfn'1.Jlq;)d-J~T1-J

b~1~bm~r11i\'-J~d!:Jq;)lWe:J'U lvJb'1.Je:J-!

'" I ft I f{
3. ~if1<P1'JeJ!J1<3~~6t:eJ1JfI"imfl1"i't1~ifeJlI

q

b~lG1de:J~l-J 'l'Umd'Y1\91~e:J'1.J1~e:Je:Jmb'1.J'1.J 'lVfSj~e:J-Jn6'i~ .

~e:Jn~~bm~'U (Vli(lG1\91'lJ'U1\91'lVlq)) bb~~n~~bmmd (Vli(lG1\91

'1J'U1\91b~n) 1\91!:J~'<i11drn1'<i11n~~mdm1~'1f~~\91 ~-Jbb~\91-J

'l'U~~m~ 1

kl /r = €J<.9ld16'fd'Uq;)d1~'1f~~\91(1)u ~

~e:J k btj'UG1d1.1d~ne:J'1.Jffi1~md1.1d~~'Y1TIv.J~

I btj'U'lfd-Jm1~md~1.1d1~'<i11nmdJ1u

r btj'U~~Sj1'<i1bTI1'U

b~lmdSj€J<.9ld16'fd'Um1~'1f~~\91~lnn11 22~

b~1~~€J<.9ld16'fd'Uq;)d1~'1f~~\91 ~bn'U 22~

bmG1d e:J~1-J bb\9l~~n6'i~'<i1~1.1d~n e:J'1.J~d!:J b~l~Vf~ ~d!:J. .

m~'1.Je:J'U 1vJ b'1.Je:J-!'l 'Ui\'n1trn~~ bb<.9ln\9l1-Jn'U ~-Jd1 !:J~~b~!:J\91

'l'U<.9l1d1-J~ 1 l\91mb\9l~~bb'1.J'1.J'<i1~ 'l-i11.1~~lrnq;)l~'1.Je:J'U 1vJb'1.Je:J~

bb~~G1d1.1d~~1'U\9l1-Jn'U

,,; .. '" ({ ~.., ({
91171<3'111 'f1!1fi::UIU9I1I1"l11IJPl1711e1U'nWel7

q;)e:J'Un1<.9l~'l-i1'l'Umdv.J~<.9lbmG1de:J~1-Je:Je:Jmb'1.J'1.J'lVfSjr11i\'-J

€J\911.1d~i\'myhn'1.J 325 ksc 1\91!:J1TImde:Je:Jmb'1.J'1.J~1-J€J-J<.9l1~

~l<.9ldo:i1'U d.~.'Y1....

b~e:J'lVfbmG1de:J~l-JSj~~~md~'ln~b~mn'1.Jbm~'l-i1-J1'U

'<i1~-J ~e:Je:Jmb'1.J'1.J 'lVfbmG1de:J~l-JSjbVl~mm~Vli\'mm~bVl~n1.1~e:Jn

<.9l1~~1<.9ld:.n'U
... , ,

bbY]'U~l'Ub~lG1de:J~l-J'lJe:J-Jbmn6'i~i11 e:Je:Jmb'1.J'1.JbYJe:J... .
'l VfSjmd$f1'U 'Y11'Umd~\91~~1'U'lJe:J-JbmG1de:J~1-J ~-J'I'11'<i11n...,.. ,'" 0 v""" =
bVl~mbv.J'Ub'1fe:J~<.9le:Jn'U~'lJ'U1\91m1-Jbb~~md 50 b'1f'U<.9l~<.9ld



'iv;:i 1 Ufi'Un'U&;jil9i~i~nmsr1i?fJ!h~1Ift3J;:i 1v "'. .
= '" = 'v v,

bb~~ff" 15 b~'U(Q1b:I,J(Q1".i~<11(Q1<11bb'U'Uf11.J~l'U'lIeJ"bffl(Q11m.J1"'IJ ..

~"bbff<11"l'U'ru~ 1'IJ

m".iEJ <11'VI<11<1l1'l1eJ" bffl<1l1 eJ~l"ti'U'V1f11<11 ~m".i~<11Jf"

Strain Gage ~b'VI~mm:I,J(Q1l:I,J~lbb'VI'\.i"~nl'VI'U<11 ~"bbff<11"

"""

'lv;:i 2 Strain Gage ;:i9i~i~;:i&u~mifi3J

,." ~ ~~

'iv;:i 3 &sr1i?iI!i1~;:i9i~i~ CFRP Uft?v

1'U'ru~ 2'IJ

'VIii'''~lf1'V1~eJ~eJ'Uf1~(Q11 'Ubb1.J1.J~b(Q1~~:I,J11' bb~~iJ:I,J~'U

dJ'Unm 28 1'U 'Y1lm".ib(Q1~~:I,J~'U~1'l1eJ"~eJ'Uf1~(Q1bb~~'Y1lm".i

~<11Jf"bb~'U~l~.JeJ'U 1'V'Jb1.JeJ1(Q1l:I,J~".i~1.J1'U(Q1l".il"~ 1 ~"bbff<11",
1wru~ 3'IJ

'" I
4. fl1'5't1@1ifiJ'lJU{1@'11iJ!l1-3

"
m".i'Y1<11ffeJ1.J'W~~m".i:I,Jm".i~1.JUl'VIUf1'l1eJ" bffl<1l1eJ ~l"

'Y1l1<11~m".i~<11Jf"<1l1eJ~l"bfflb -ihn1.Jb~~"'Y1<11ffeJ1.JeJb'Uf1tJ~ff"~

(Universal Testing Machine) bbff<11,,1'U~~ 4 1<11~1Vi

,x l'VIUf1f1<11~,,~tJm ~ bffl1 'Ubb'U1~"ffJl bff:I,JeJ(Q1~eJ<11'V1ibl<1l<11

~'Um~yf" bffl<1l1eJ ~l" di <11m".ilti~ 1<11mn1.J-iJeJ:I,J~,x l'VIUf1~'IJ

f1~l~lf1b~~eJ"'Y1<11ffeJ1.JeJb'Uf1tJ".i~ff"~ bb~~bn1.Jfil~1l:I,Jb~~~<11

(Strain) ~lf1 Strain Gage ~~<11l1n1.Jbffl<1l1eJ~l"

~l'Ub~~eJ" Data Logger ~"bbff<11"1'U~~ 5

'fv;:i 4 1I1'i9i~i~i?ilV1~&sr1&£1n'JJ&""~iI~t1~sril'JJ
v

'jv;:i 5 1I1'i&ff'JJFi1""?13J&""~EI~ (Strain) '1111 Strain Gage 11.h'U&""~iI~

Data Logger



5. N6m1'3'V1<P1ifilll

.;nflm'Hvi~\hwuflm-mfl1 Vin'l.Jbm~'m€5~dl~f1'1~

~'Ulm'1G'i~1'11U~bb~::;bnm-)1f1~1~bf1~~\01~dl\01~'U 1'UbG'i1

G'i1~l'H1U 1.JJEI~~~1~~1 b~ ~'Ubb~'U.m'\"J'lIEI'1\hvIUflm::;.yh
'iJ

(Load) bb~::;nm 1~~'1dtJ~ 6'iJ

!.OAD< -1IId.

It ~ .. M 1" AU 1-..

ncnlf':I:- ... - - .m;,0'iU'1I'IU""'-"

'f11;:i 6 f'I'J1I1JillJwutf'f::w.i14J1wnniW:Jil1.
0-V v 6' , 'v ,

~lfl bb~'U.m'\"J f111~G'i~'\"J'U'IT'J::;'Vrn'1'U l'VI'Uflfl'J::;'{)l

bb~::;nm'llEl'1 bm &11EltJ1'1 bb~~::;l.h::;I11'VliJ~m~ru::;~bb~fl~l'1n'U

fl~11~EI bG'i1~1~1~b~~ CFRP ~::;iJ~m~rn::;mTIU~~

'J1\01b~1fl11bG'i1~iJm'Jb~~CFRP 'VI~Elm~fl~111~11bm

~b~~ CFRP iJm1~b'Vl'Um (Ductility) ~lflfl11
, 0-

biJEI~~1'Jrn1~lflm'Jwu l'VIUflG'i'1G'i\01'l1E1'1bmf1E1'Ufl~~'iJ q

bG'i~~b'VI~fl~ bG'i~~ bb~::;1~ bG'i~~ri1~'1~1 ~f1l'f'l.JEI'U1 y.Jb'l.JEI{

1'U~m~rn::;~~wl n'U G'i1~1'J~~1'U1rn~lb~~~'lIEI'1ri1~'1

wbb'J'1€5\011'Ubmbb~~::;th::;I11'Vl1~ ~'1bbG'i\01'11'U~ldl'1~ 2

r1I1'f14;:i 2 ihft4'ViJ4Uf1.q1lJf'l1411iJU tWWiJ4"1I1IGiW1

ri1~'1'l1E1'1 bm~ bvi~~'U dG'i1~1'J~ b~ ~'UdJ'Ubb~'U.m'\"J

'lIEI'1m'H vi~ri1~'1'l1E1'1 bG'i11'U.m1::;m'JbG'i~~ C FR P 1'U

tJ~mrn~l'1"l btJ~~'l.JbVi~'l.Jn'l.JG'i.m'\"J~1~1~b~~CFRP
l\01mtJ~~'l.JbVi~'l.JdJ'U~EI~~::;'lIEI'1tJ~~lrnCFRP ~~\01Jf'1

'l.J'Ulm'1G'i~1'1n'l.Jri1~'1~ bvi~~'Ub Vi~'l.Jn'l.Jf1l'J 1~ri1~'1'l1E1'1

1'Ubb~~::;'lf\01 ~'1bbG'i\01'1111'Uw~ 7
q 'iJ

lilt

" tl1thl.lJlil#lll'UtU

pWi 7 f'I'J1I1JillJwUMm14n1ft4;:i& dllJlu'JJiJ4&if1nlliFillJ1t1I.7JiJ4 CFRP

;:iunllJ&;;1 t11

6. if'311Niilfl1'3~~tJ.
0-

~lfl ~ ~m'J'Vl\01G'iEl'l.J'\"Jtl~ m'J~m'J1'l.JU l'VIUflm'J'VJfl

1'Ubb'U1 bbfl'U'lIEI'1 bmf1E1'Um~ b~~ b'VI~fl~ b~~ri1~'1~1 ~m'J

Vi~f11{'l.JEI'U 1y.Jb'l.JEI{1'U~mrrn::;~1'1<1 n'U G'i1~1'J~G'i'JtJq I q

1~11 m'Jb~~ri1~'1~1 ~m'JVi~f11{'l.JEI'U1y.Jb'l.JEI{d~::;bvi~
q

f111~b'VIUm 1Vin'l.J lm'1G'i~l'1bm 1~ bb~::;1'Uci1'U'lIEI'1m1~

6] v <;;;":x" .1= =
G'i1~1'J~ b'Um'J'J'l.J bb'J'1fl b'\"J~'lI'U\011~~1~lJ'J~lrnbb~::;'Vlq;j'Vl1'1

'lIEI'1m-ruEl'U 1y.Jb'l.JEI~lojf 1'Umrn'llmbm~wbb'J'11'Ubb'U1bbfl'U

b~~'1E1tJ1'1b~ ~1m'JVi~m{'l.JEI'U 1y.Jb'l.JEI{dJwJ51'11 'Ubb'U1~'1
q

~::;1~iJ~~~Elri1~'1~1f1b'vhm'JVi~ 1'Ubb'U1dl'l.J biiEl'1~lflm'J
q

Vi~'JEI'l.J 1'Ubb'U1'J1'l.J~::; lE1'l.J1\01f1E1'Ufl~mb~::;'V111Viri1~'11'l.J
q

bb'J'1€5\01'l1E1'1f1E1'Ufl~~bvi~~'U~lflm'J .~fllE1'l.J1\01 (Confine-'iJ,.. """V V v
ment) 'If'1~lflm'J'Vl\01G'iEl'l.Jbm~::;~f11m~'1'J'l.Jbb'J'1E1\01~1~

bb'U1bbfl'Ubvi~~'UtJ'J::;~lrn 14% 'lIEI'1ri1~'1b~~ 1'U'lIrn::;~m'J

" :;" 6]",v.d":X ..Xv
'VI~bm'Vl'1~'U~::; b'VIm~'1'Vlb'\"J~'lI'UtJ'J::;~lrn 22-60% <zf'1'l1'Ufl'l.Jq

'lI'U1\01'l1E1'1'V1U1&1\01bm 'VIU1 &1\01bG'i1~iJ'lI'U 1\011 'VIqj~::; 1~1'l.J~~

'lImm'J lE1'l.J1\01uEI m11'VIU1&1\01'l1'U1\01 b~fl biiEl'1~lmm'll'U 1\01b~fl

~EliJm'J~'l.J~~ b~EI~\01Jf'1f11-ruEl'U 1y.Jb'l.JEI{bb~1 ~::;iJ~mrrn::;
\ ,

b.JJ11fl~bmfl~~~lflfl11bmViiJ'lI'U1\011'V1qj ~'1'V111VitJ'J::;~'VlTIm'\"J

1'Um'J lE1'l.J1\01f1E1'Ufl~~iJ~lflfl11



~~,,1u V11nrndbm~rilii'~'1JeJ~bm1dJ1~buu~m:ib~~

rilii'~'lli bbd~ bbGie;;eJ~rndb~~ml~ bV1umbb61::;ml~lh;mi?1i1~

lViii'1J1m~(;fT1~bm rn~~ CFRP blJU'lh~'l lubbuldl'lJ

nmIiJblJU'Vmb~eJnV1,1~~m~liJldru,1

i11iJ~~'1JeJ~'1JUli?1V1U1Gli?1 ~lU1U~U'1JeJ~rndVi~ CFRP.

bb61::;'\'II!:l&if1dd~'1JeJ~b(;flJll ~ le;; bbd~f1d::;'Vlll UbbUl~~ bb61::;

k ~W~l~i?1~l~i1u~~ blJu~~~e;;eJ~'Vllrnd~m~nGieJ 1u

ne1~f1'5''5'3JtI'5':fl1~

~ ru,::;~1~ ~'1JeJ'1JeJ'lJ~ ru,~lU n~lun eJ~'VIU(;fU'lJ (;fUU" . ..
rnd1~~ ((;fm.) ~Jl~eJ~mV1md~1m~rnd1m~~lu~1V1'lli.
un~mm.Brurul~~lh::;~lU 2546 blJUeJ~l~(;f~~l~~eJ'lJ'VIU

v v ".
(;fU'lJ(;fUU lUrnd'Vl11~d~~lUd bb61::;'1JeJ'1JeJ'lJ~ru,'lJm UU'VI~. .
~1i1i?1 ~f1dru,llVi~lbbU::;Ulbb61::;"1ilmV1~eJlumd&ii?1~~.

({ \1 ({::, ({v ~
~ld'lJeJU b~b'lJeJd dl~'VI~eJUb~dl::;V11(;fi?1 CFRP burnd. .

'Vli?1(;feJ'lJ(;fi?1Y11~d'1JeJ'1JeJ'lJ~ru,~V111'V1mii' ~mU'VI~~~lUl ~. . .
~11~(;f::;i?11n lurnd loiiVieJ~ui)li&irndbb61::;~umlli'VIi?1(;feJ'lJ

IV ...
bilf1i(1'5'en.:liHI

Ddd~"1fl&i n61ud::;.rn, m'J"1ifJ:J../Wlf:J../~~fI:::~m:J../rhif.J.
rm.J~TI.J;]';w Carbon Fiber HfI:::Glass

Fiber Composites, mdi'i~~ulb~eJ"

rnd111d~-m~lbb61~eJ~bb"1f~1m,,(;fT1~~eJun~~,.

1mnTI~(;fmubbvi"ud::;b'VIf11'V1~'1, m"b'VI'\'ll'1,.

2544

Demers, M., Herbert. D. Labossiere, P.

and Neale, KW., The Strengthening

of Structural Concrete with an

Aramid Woven Fiber/Epoxy Resin

Composite, Proceeding of Advanced

Composite Material in Bridges and

Structures 11.Montreal. P.435-442, 1996.

Picher, F., Rochetter, P. and Labossiere,

P., Confinement of Concrete

Cylinders with CFRP, Proceeding

of the First InternationalConference

on Composite in Infrastructure,

ICCI'96 Tucson Arizona, P.829-841;

1996.

Hosotani. M. Kawashima, K. and Hoshikima, J.,

A Study on Confinement Effect of Concrete

Cylinders by Carbon Fiber Sheet. Non

metallic (FRP) Reinforcement for Concrete

Structures, Proceedings of the Third

International Symposium, VOI.1,Sapporo,

Japan, P.209-216, 1997.

Kataoka, 1. et aI., Ductility of Retrofitted RC

Columns with Continuous Fiber Sheets,

Non metallic (FRP) Reinforcement for

Concrete Structures, Proceedings of the

Third International Symposium, VOI.1,

Sapporo, Japan, P.547-554,1997.

~

U.P.N.INDUSTRW,TlCH CO..LTD
~


